Minitek (BBL Microbiology Systems, Cockeysville, Md.) substrate disks were evaluated as alternatives to conventional tests for the characterization of Bacillus species. Results were compared for 10 reference isolates and 87 isolates from food sources. The overall agreement of results between the Minitek and conventional tests was 92% for reference strains and 86% for food isolates.
Minitek (BBL Microbiology Systems, Cockeysville, Md.) substrate disks were evaluated as alternatives to conventional tests for the characterization of Bacillus species. Results were compared for 10 reference isolates and 87 isolates from food sources. The overall agreement of results between the Minitek and conventional tests was 92% for reference strains and 86% for food isolates.
Bacillus species are important sources of biochemical reagents and natural pesticides and have been implicated as causative agents of both human and animal disease (2, 6, 8, 11) . Classification of this genus is extremely difficult because it is more heterogeneous than most bacterial genera, as is apparent from the variety of nutritional requirements for growth, the cell wall composition, and a G + C range of 32 to 60% (4, 9, 10) . Also, many of the species are poorly defined, and there is considerable phenotypic variation even among strains of well-established species. As a result, laborious and time-consuining testing is required to characterize Bacillus isolates, and most laboratories have difficulty in obtaining consistent and reliable data because of the problems in the available technology for identification of Bacillus species. Although conventional tests have been precisely described and are rigorously standardized, substantial disagreement exists even among laboratories with extensive experience in the field (4, 9) . These disagreements are usually attributed to the difficulty in preparing reproducible batches of the specialized media required for characterization of Bacillus isolates. In addition, the shelf life of many of the media is short, which results in the need for extensive performance quality control.
Logan and Berkeley have evaluated the performance of the API 50CHB and API 20E systems (Analytab Products, Plainview, N.Y.) for the characterization of Bacillus species (9, 10). The API system was simple to use and gave very reproducible results when used by laboratory personnel who had little experience with Bacillus species. Another advantage of the API system was that it was able to classify several species not recognized by the conventional scheme of Gordon et al. (4) and Logan and Berkeley (10) . The main disadvantage of the API system was the lack of versatility in substrate choice; one-half of the reactions in the API 20E system were duplicates of those in the API 50CHB system, and 4 of the remaining 12 tests in the API 20E system were of no taxonomic value because they were negative for the entire group. Because the Minitek system (BBL Microbiological Systems, Cockeysville, Md.) has been described as a reliable alternative to conventional biochemical testing for several groups of organisms (5, 7, 12) , we evaluated 11 Minitek substrate disks as substitutes for conventional tests in characterizing Bacillus isolates from food sources.
(This work was presented at the 87th Annual Meeting of the American Society for Microbiology, Atlanta, Ga., 1 to 6 March 1987, abstr. no. P43.)
A total of 97 organisms were tested. Of these, 87 were recent isolates from food sources, as follows (the number of isolates is in parentheses): B. alvei (13), B. cereus (9), B. subtilis (5) [11] ). The conventional media were prepared, inoculated, and incubated as described by Gordon et al. (4) and Smith et al. (13) .
The inoculum fluid for the Minitek system was a modification of the medium described by Kramer et al. (8) with no added agar, carbohydrate, or indicator and contained, per liter of distilled water, 1.0 g of (NH4)2HP04, 0.2 g of KCI, 0.2 g of MgSO4-7H20, and 0.2 g of yeast extract (final pH, 7.0).
Test organisms from a 24to 48-h Trypticase soy (BBL)-5% sheep blood agar plate were suspended in the inoculum fluid to a turbidity equivalent to a 0.5 McFarland standard. After the substrate disks were dispensed into the Minitek trays, each disk was inoculated with 100 pAl of inoculum. The trays were incubated aerobically at 32 to 34°C for 24 to 48 h in a humid environment. Results were recorded at 24 and 48 h for all tests except for the methyl red/Voges-Proskauer and nitrate reduction tests. The substrate disk for the methyl red/Vogues-Proskauer tests was placed in a separate tray and inoculated, and reagents were added after 24 h of incubation. Reagents for the nitrate reduction test were added after 48 h of incubation. The incubation times were extended an additional 24 h for slower-growing isolates. Reference strains were tested in duplicate for conventional tests and in triplicate for Minitek tests to determine reproducibility.
For complete identification of the food and reference isolates, tests for spore location, growth at various temperatures and salt concentrations, and lysozyme and sodium azide resistance were performed (1, 3, 4, 13) . b In cases when the Minitek and conventional systems were in disagreement, the number of time that the Minitek system was correct as judged against published results. The number of variable results for published tests is given in parentheses.
The results from the comparison of Minitek and conventional tests are shown in Table 1 for the reference strains and in Table 2 for the food isolates. Agreement between the Minitek and conventional systems for the individual tests ranged from 80 to 100% for reference strains and from 60 to 100% for food isolates. The overall agreement between the two systems for all tests was 92 and 86% for reference and food isolates, respectively.
Where results between conventional and Minitek tests were not in agreement for the reference strains, the correct reaction was determined by referring to the published reactions for the tests in question (3, 4, 13 ). The Minitek system was more often correct than the conventional system, with an accuracy of 97.5%. Some of the published test results were listed as variable in reactions; these are recorded separately in Table 1 . Therefore, the overall accuracy of the Minitek system was 99%, considering these variable reactions in the calculations.
The poorest agreement between the two systems was for xylose fermentation. The Minitek reaction was usually positive, whereas the conventional test was negative. Most of the disagreements between the two systems resulted from poor growth in the conventional xylose medium. When compared with the published reactions, the Minitek xylose test results were correct in three of four instances. The procedure for the methyl red and Voges-Proskauer tests was modified from a 48-h to a 24-h incubation during this evaluation. This modification provided better agreement between the two systems; of the last 40 test reactions compared after 24 h of incubation, 95% were in agreement.
The Minitek system results were very reproducible. Only 5 of 120 tests (4.0%) responded differently within each of the triplicate trials of reference strains, whereas there was an 11% variability in the duplicate testing with conventional tests.
Major advantages of the Minitek system include flexibility in the number and variety of substrates (40 substrates are available), simplicity of use, low cost (less than $0.23 per test) as compared with conventional tubed media, and more rapid results than with conventional tests. Also, the addition of nutritional supplements to the inoculum medium for the more fastidious organisms is convenient and simple. The other advantages of the system are that it requires only one medium for several test reactions, is less time-consuming to set up, and uses standardized biochemical disks which have a long shelf life.
Our results show that several Minitek substrate disks can be substituted for conventional biochemical media and can be conveniently incorporated into conventional testing schemes for the identification of Bacillus species. Although we evaluated only 11 of the 40 available Minitek substrate disks for use in characterizing Bacillus species, studies evaluating the other substrate disks may prove to be of value for the classification of this genus. Logan and Berkeley (9, 10) were able to identify both the common and newly described Bacillus species with the API 50CHB and API 20E systems, which consist of several nonconventional biochemical substrates.
